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S&ATING-PiOCESS DEVELOPMENT FOR .LBIUM AND Ing was intended to enhance ductility by having an
MA TANTAI ALLOY S  all body-centered-cubic sequence, but interdiffusi)n

appeared to limit the system to 10 hours at 2300 F.
The V-(8OCr-20T)-Si coating, the most extensively

Solar has deposited coatings consisting of studied, exhibited a minimum oxidation life of a-
chromium-titanium-silicon on Cb-752 and D-43 colum- bout 100 1-hour cycles at 1600 and 2400 F on D-43,
bium alloys from fused fluoride or chloride salt Cb-752, and Cb-132 columbium alloys. The addition
baths by mean of electrolytic and nonelectrolytic of aluminum to the coating had little effect. On
techniques.(l) Thermodynamic andkinetic considera- the basis of limited tests, the slurry-sinter coat-

04 tions limited the order in which the individual ing of (95Mo-5Ti)-Si with 10 percent Iron or glass
j elements could be applied, and chromium and tita- impregnation appeared to give even greater oxidation
00 nium could not be codeposited. The order of deposi- protection. The V-(8OCr-2OTi)-Si/D-43 or Cb-752

tion found most practical was chromium, silicon, systems were extensively evaluated for aerospace
and titanium. A subsequent diffusion treatment and gas-turbine applications, and Included seven
produced primarily (Cr, Ti) 5 SI~ The resulting different oxidation tests as well as tensile, creep,

4 oxidation resistance afforded te substrate was a- bend, and fatigue tests. The coating process re-
bout 7 to 15 1-hour cycles in 2000 to 2600 F ten- duced tensile strength of 0.012- and 0.030-inch-
perature range. Premature failure occurred by thick sheet generally 20 to 30 percent at 77 and
eruptions within the coatings, but the cause was 2200 F, reduced 106-cycle fatigue strength .50 per-
not positively indentif'ed. cent at 77 F, ani , for Cb-752 only, caused embrit-

tlement at 77 F. Fatigue strength was unchanged
TRW is developing manufacturing me ods for after expansion for 15 hours at 2400 F. Creep

coating columbium and tantalum alloys. (2,3) In the rasults indicate that the coating could withstand
former, a productlon-scale facility is beilg developed up to 5 percent elongation at 2200 and 2400 F.
to apply chromium-titanium-silicon coating to large
(26 x 26 Y 40 inches) columbium-alloy parts. Both TRW is also developing aluminide and silicide
vacuum-pack and slurry-application methods will be coatings for protection of cplmblum alloys for
utilized. In the other work, a process is being hundreds of hours at 2500 F. 5) Benefical modifica-
developed for application of W/Si-W duplex coating tions are expected by additions of vanadium, molyb-
on tantalum alloys (12 x 12 x 18 inches). The tung- denum, chromium, and titanium. Deposition technique
sten barrier is applied by chemical vapor deposi- for vanadium and molybdenum are being developed,
tions, electrophoretic deposition, or slurry-sinter
techniques. The silicide coating is formed by a In another program, TRW is developing coatings
vacuum-pack or vacuum-slip-pack process. for tantalum alloy or use in oxidizing atmospheres

at 2000 to 3500 F.t6 ) In a three-part program, the
COATINRG DEVELOPMENT FOR COLUMBIU._'D TANTALUA following coatings are being evaluateds (1) hafnium-

ALLOYS tantalum, tungsten/iridium, tungsten/silicon,

(2) 18 hafnium alloys leading to layered, metal-
A variety of protective coatings for coldfi- bonded oxide coatings, the outer layer of which is

bium alloys has been investigated by Solar.(4) formed iii situ Jjring oxidation, and (3) metal-
Thermal expansion, interdiffusion, and oxidation bonded refractory oxide over an Intermediate diffu-
resistance were determined on potentially ductile sion-alloy layer. Since discouraging results were
sublayer columbium alloys, MAI* and MAI3 aluminides, obtained in the first two phases, future efforts
and MSi2 and M5Si3 silicides. Diffusion barriers will be d-evoted to the third phase.
between tItanium-chromium modifier and substrate
were also evaluated; molybdenum and tungsten were COATTNG DEVELOPMENT FOR TUNGSTEN
the most effective. Coatin? systems studied in-
cluded V-(8OCr-2OTi)-Si, V-kCr-Ti)-AI-Si, (95Mo- Complex oxides of different structure types
5Ti)-Si, and Mo-Cr-(Fe-25Cr-5Al), and were generally are being evaluated by Battelle's Columbus Labora-
applied by pack cementation. The tanadium-containing tories as candidates for protecting tungsten at
systems were designed to reduce Laves phase forma- 3500 F.(7) The oxides are SrZrO3 (perovskite),
tion and severity of the interstitual sink effect, Nd2Zr2O? (prochlore), and Yb2Zr207 (fluorite.
while (95Mo-5TI)-SI had expansion coefficients The vaporization, structural stability, and IQlqr-
similar to those of the substrate. The metal toat- action with tungsten and oxygen are being nvestt-

* stands for columbium, titanium, chromium, gated under vacuum, reducing, inert, and oxidizing

vanadium, molybdenium, tungsten, zirconium, environmets.
hafnium, tantalum, or various combinatioqs.
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;'DO E5Y t QE2Ji OF IE Qn)L N A portitn of a zeCe .t Unirblrity of Dayton
TANtfALUM ALLOjYS Re,,ear h inectitiJe effort wa. (encexned with eval-

tition oi D-43/R512A silicide end Gb-'12 WC_ 103,
tM-A . Jwjloy haa inetgtdprotection and WC-129/Vac-flyd Lunite 2 a, uminide- IS) The

(' Ii 11,!1ti lurInct' 5Itia csting as-coatedl D-43 rolumbium alloy retained full berd

ow~ c4et,.1rnj prvided protection for about 2 hours ductility to -60 F and showed no evidence of room-

ij 'jntij ijr -It 2f)00 F. Flowing air (subsonic) temperature embrittlement after 30 hours in static
Pit tllf!th) I fLtIMO by a factor of four. Addition a ir at 26D0 F. The excellent throwing power of the

f inorr fw]. ih'tenum (7 compared with 5.5 percent) silicide was evident by complete penetration of

qppeareed tf, qivir somo increase In life in flowing spot-welded lap Joints. Lifetime% of 12 and 23
ai.I,,,t 6-minute cycles reduced the lifetime hours at 2600 F at 95 percent reliability were

)) i o or. nsai ar h otn found for the 2.75- and 4.4-sil-thick coating,re-

IO'W11( I 1I,Hi change in substrate tensile strength spectively. Somewhat better performance was noted
en'ij incti' mo'Iulit at temperatures up to 2900 F at 2400 F. Inl iontrast, the Lunito 2 and modified

,,v4rj )u ;'expsureat 600F. owoert Lunite 2 (ND 66-1) coatings failed In loe than
oom a morftnrr;' eponsure at 200-F. however, ^' hours at 2600 F and surviwod about 2 to 5 hours

hciel. war, redliced by about a factor of two, and 0.025- at 2400 F.

inch-thick cheet was somewhat less affected. Elonga-
tioi was about 10 to 20 purcent at 2000 to 2900 F, ERU
and about percent at 1700 F. Prior exposure for

Ihwiirf nt 9,f/J9 F reduced the tensile elongations to 1I) Steinman, J.B., ot sit "R~efractory Metal
I to 7 percent. Limited testa Indicated that Coatings by the Fused Salt Method", Report
gjradated lnt,.,metallic/oxide coatings (MoS12 Or AFML-.TR-67-318# International Harvest Company,

vji2  ta1I15A'c-d ZrO2) have good spelling resistance Solar Division, San Diego, Calif., Contract
ajfter cyclic oxidation. AF 33(615)-2173 (October, 1967), DMIC No. 70395.

The performance capabilities of fusied-slurry, (2)* Kmileciak, H.A., Nejedlik, J.F., and Fiach,
cormpIox ;tlicide coatings on columbium all~g sheet H. A., "Manufacturing Method for High Tempera-
ha3 been evaluated by Lockheed-Californiat' ture Coatings of Large Columbium Parts", TRW,
,ylcor f1512F (20Cr-2OFc-6O5i) protected Cb-752 allay Inc., Cleveland, 0. paper presented at the
over 8 hours at 2600 F at 0.1 torr, and over 8 hours 13th Refractory Composite Working Group Meet-
at 2800 F at 1 and 10 torr air pressure. The sy- ing, Seattle, Wash., July 18-20, 1967, Con-
ctrtm rurvived twenty 2.2-hour cycles of temperature tract AF 33(615)-2018, DMIC No. 70359.
up to 2500 F and pressures of 0.01 to 1003 torr,
which simulated reentry conditions. Temperature (3) Kmieciak, H.A., Njedlik, J.P., and Fisch#
capabilitico of fimilar systems Cb-752/R512A (20 Cr- H.A., "Scale-up of W/Si-W Costing Procoe"
5Tl-7531), D-43/R512A, and D-43/R1512E appeared to TRW Incorporated, Cleveland 0., paper pro-
ho about 100 r lower. sented at the 13th RefractoryComposite Work-

Ing Group Meeiting, Seattle, Wash-, July 18-20#
rMcionnoll-Douglas is also evaluating the -1967, Contract AF 33(615)-5405, EhIC No. 70360.

!cyotern Cb-752/R512E under temperature (up to 2600 F)
-pressure (10-4 to 25 torr)-stre'ss(0-40,OOO psi) (4) Stetson, A. R. and'Uetcalfs, A.G., 'Devielop-"
-time pfof ile representative of hypersonic mant of Coatings for Coltxkitm Bast Alloys
flight. 10) Particular attention will be given to Part I-Basic Property Moasurements and Cost-
Joints, f eying surfaces, defect sensitivity, and ing System Devetlopmenet,Report AFL-TR-67 -
rouse capability of spacecraft hardware. 139 Part It International Harvester Company,

Solar Division, Sam Diego, Calif., Contract
McDonnell-Douglas is developing self- AF 33(6l5)-159S,(September. 1967).

ncustaining, radiating, coated p~analtae-alloy struc-
tures for operation to 3600 F.% 11 Oxidation- (5)* Kmueciak, H.A., Nejedlik, i.P.# and Fisch#

rezistance and room- and elevated-temperatue me- H.A., "Coatings for Long Terms-Intermediate
chanlcal-property tests are being conducted on var- Temperature Protection of Columbium Alloys',
ious ,ystom, including T-222 tentalws allay and TRW Incorporated# Cleveland, 0. paper pre-
olar (9W-5Ti)-Si end Sylcor W/WS12 coating systems. sented at the 13th Refractory Compositets

Fabricability tests are being conducted with the Working Group Meeting, Seattle, Wash., July

intention of evontual testing of full-scale leading- 18-20, 1967, Contract AF 33(615)-4521t L)MIC
edge and flat-panel components. No. 70357.

Fundamental processes involved in the pro- (6)* Kaleciak, H.A., Nejedlik, J.F., and Fisch,
t'pctior' (F columbium and tantalum by their s iicides H.A., "High Temperature Costing Development',
are being studled et the City College Research TRW Incorporated, Cleveland, 0o. ppr pr@-
Foundatilnr.( 12) The program consists of four parts' sented at the 13th Refractory Composites Work-
(1) ortablishmnert of thermochemical data for sill- Ing Group Meeting, Seattle, Waah., July 8"0
riles. employing an entirely solid-state electro-. 1967, Contract Al 33(615)-5011# LC Mo. 70356,
chemical cell, (2) protection of both coating and
substrate by glasses formed during oxidation, (3) (7) Preliminary Information reported by Battelle
kmcc of conting modifiers to promote the formation Memorial Institute, Columbus Laboratories,
o~f glay ilcan (4) interactions between in- Columbus, 0., U.S. Air Force Contract AV 33

tormediatc phare , coating, and substrate, and the (615)-5249. __

ube of diffuion barriers to retard growth of Inter-
mediate phases.

B3est Availjable COP',



5 .,A. ind Wlchor6 , G.R., "Results of (ii) 2reltminary information reported by McDonnell-
.;tudles on Coatad Tantalum Alloy (jougi s Corp., St. Loulti, Mo. under U.S. Air

Ar-t ii, NASA Langley Research Center", NASA, Force Contract AF 33(615)-3935.
f. .. jkj leacsrch Center, Hampton, Va., paper

pr ',-%ntod at the 13th Refractory Composites (121 Preliminary Information reported by the City
Wolkinj Group Meeting, Seattle, Wash., July College Research Foundation, City College,
10-02, 1967, ICAIC No. 70510. New York City University, New York, N.Y.,

under NASA Grant NOR 33-013-017.
(9)* l;hrii:, M.G., "Behrvior of Sylcor t1t2E";o~td Cb-752 Colwblum Alloys in a Low Pe- (13) Wurst, J.C., et al. "The Evaluation of Ma-

vuie Envlronment" Lockheed-Califoxniia Cor- terale for Aerospace Applications", Repcrt
pay, Nlrbank, Calif., paper presented at the APML-TR-67-l65, University of Dayton Reseaich

i3tl) Rofractory Composites Working Group Meet- Institute, Dayton, 0., Contract AF 33(615)-
inc-, SeattlI, Wash., July 18-20, 19679 IMIIC 1312 (June, 1967).
No. 70374.

(10) Pr"llinary information Reported by McDonnell-
Douglas Corp., St. Louis, Mo. under U.S. Air These references wore covered in detail in CMIC
Force Contract F 33615- 67-C-1574. Memorandum 227# which is available on request to

qualified DIIC users.

l)MIC Reviews of Recent Developments: present brief summaries of informtion which has become
available to CIMC in the preceding period- (ueAullyr 3 months), in each of several categories. CMXC does
not intend that these rviews be, made " psrt 'of the permanent technicel literature. Copies of referenced
reports are not available from MIC# mo -t can sbe obtained from the Defense Documentation Center, Casteron
Station, Alexandria, Virginia 22314.

R. W. Endebrock, Editor


